Abstract 1, 2, 3-Triazolium-based ionic liquids are prepared in a straightforward two-step procedure. In the first step azides and alkynes are transformed into 1, 4-disubstituted 1,2,3-triazoles by Cumediated click-reaction. Subsequent alkylation affords 1,3,4-trisubstituted 1,2,3-triazolium salts as ionic liquids, which can be further modified by exchanging the anion by salt metathesis. The synthesis provides access to simple ionic liquids as well as to functionalized ionic liquids, bearing organocatalytic, fluorescent or linking groups thus representing task specific ionic liquids or IL-tagged organocatalysts, respectively.
Introduction
Ionic liquids (IL) are organic salts, which are liquid at temperatures below 100 °C. They have a very low vapor pressure, high boiling points and their polarity can be varied in wide range depending on the nature of both anions and cations.
1,2 Thus they can be used as preferable solvents in a number of cases. In addition, recycling and reusage of IL is possible as well as their application in so called "working solutions" wherein a catalyst is dissolved and this phase can easily be separated and reused. [3] [4] [5] [6] [7] Some of the IL are termed as "Green Solvents". 8, 9 IL have gained wide interest and broad application in academia and also in industries. 2, 8, [10] [11] [12] [13] So-called task specific ionic liquids (TSIL) exhibit a synthetically useful function (often a catalytic function) in addition to the property to act as mere solvent. [14] [15] [16] [17] In order to provide special solubilities to catalysts, IL-units are tethered to a catalyst resulting in IL-tagged catalysts. 18 Task specific ionic liquids and IL-tagged catalysts are usually based on imidazolium, pyridinium and ammonium salts as IL-tags where the functions are usually linked to the N-atom by alkylation. For example, a chiral, (S)-proline-derived pyrrolidin-2-methyl group was
Results and Discussion
The substituents in the reactants 1, 2, 4 were chosen in such a way that either simple alkylsubstituted triazolium salts 5 (see 5a-5d) were formed or that additional functions such as reactive linker groups (5e, 5f, 5i) potential organocatalysts (5g, 5k) or fluorescent markers (5j, 5l) were introduced. Two general procedures were applied in the Cu-catalyzed click-reaction of azides 1 with alkynes 2. Method A uses 1.05 equivalents of CuI and is very flexible in the choice of solvents. The application of catalytic amounts of Cu(SO 4 ) in the presence of Na-ascorbate (Method B) is more economical but somewhat limited in the choice of solvents. In general, high yields were obtained with only a few exceptions. As checked with product 3c the yields do not differ much between both methods. The alkylation of the 1,2,3-triazoles 3 was straightforward.
Either acetonitrile or dichloromethane was used as solvent (Method C, D) or the reaction was implemented without an additional solvent using excess of alkylating reagent 4 (Method E). Alkyl halides, sulfates, phosphates, triflates, tosylates were useful as alkylating reagents. The resulting 1,2,3-triazolium salts 5 were isolated in quantitative yields by removing all volatile products under vacuum. In order to exchange the anion of the 1,2,3-triazolium salts known salt metathesis procedures (Method F) were adopted. The tetrafluoroborate 5ae and the dicyanamide 5ad were obtained by treatment of the iodide 5aa (X = I) with silver tetrafluoroborate or dicyanamide, respectively. 5aa-5ac, 5af, 5b-5l 
Scheme 1
All 1,2,3-triazolium salts 5 appeared as oils at room temperature except 5l that had a melting point of 79 -81 °C. Some of them are brownish colored, a phenomenon which often is observed with IL but does not affect the usefulness of the products. 32 Clean NMR spectra were obtained from all IL 5 as well as from their precursors 3. Mixtures of regioisomers were not observed. The location of the substituent R 3 at position 3 was proven by NOESY investigation showing the proximity of the groups R 3 and R 2 . An interesting phenomenon was observed in the 1 H NMR spectra of 1,2,3-triazolium salts 5aa -5ae. Although these compounds differ only in their anions a significant variation of the chemical shift of the proton at position 5 of the triazolium ring (from 8.35 ppm for 5ad to 9.38 for 5ac) is observed. This is likely to be caused by specific interactions of the different anions with the triazolium ring and might reflect the acidity of the triazolium ring. On the other hand pecularities were observed in the 13 C NMR spectra. The quaternary C-atom in position 4 of the 1,2,3-triazole ring is shifted upfield when a 1,2,3-triazole 3 was transformed into a corresponding 1,2,3-triazolium salt 5 except for 5b were a downfield shift of 1.6 ppm was observed.
We determined some typical physical constants of selected 1,2,3-triazolium salts 5 (see Experimental). In the series of 1,3-dibutyl-1,2,3-triazolium salts 5aa -5af it turned out that the viscosity of the tetrafluoroborate 5ae is lowest (η = 153 cP) while the iodide 5aa appeared as the most viscous oil. Thermogravimetry and differential scanning calorimetry revealed a relatively high thermal stability of the triazolium salts 5aa, 5ab, 5ac, 5ad, 5ae, 5af, 5c, 5d.Within the 1,4-dibutyl-3-methyl-1,2,3-triazolium salts 5aa -5ae the tetrafluoroborate 5e has the highest decomposition point (385 °C). None the less one should be aware that 1,2,3-triazoles 3 with three N-atoms in a row have to be considered as potentially hazardous (CAUTION). As many other research groups in the world making use of the click reaction to produce 1,2,3-triazoles, we never had a problem with compounds 3 in our laboratories. It can be expected that the transformation into the salts 5 even reduce the energy content because the ratio of the dangerous N-N-N moiety to the entire molecule drops. 35 In this context it has to be mentioned that also 1,2,3-triazolium salts 5 are acidic (position 5) but to a much lesser extent. 36 Nonetheless such salts were recently used to produce a type of carbene complexes with late transition metals. 37 In summary, we found a straightforward and very versatile access to trisubstituted 1,2,3-triazolium salts 5 as a novel class of IL by a two-step procedure consisting of Cu-mediated cycloaddition reaction of azides 1 with alkynes 2 and alkylation of the resulting 1,2,3-triazoles 3. This methodology allows to produce ionic liquids but also gives ample opportunities to link functionalities, such as organocatalytic moieties, fluorophors and reactive groups to the ionic liquid moiety thus giving rise to task specific ionic liquids or IL-tagged organocatalysts. It should also be applicable to other functions, like ligands for metal complexes or biomolecules. In principle it should be further possible to link three functionalities via a 1,2,3-triazolium salt, if the alkylating reagent 4 is functionalized too. Such investigations as well as applications of the novel IL 5 in organic synthesis are currently underway in our laboratories. We use the IL 5 as such or IL-tagged organocatalysts or otherwise functonalized IL in combination with other cheaper and commercially available ILs lacking functional groups. In this methodology, the former provides the function and the latter acts as solvent.
Experimental Section
General Procedures.
H NMR and
13 C NMR spectra were recorded at 300 and 75 MHz, respectively, with a Bruker AC 300 in CDCl 3 with TMS as internal standard. Silica gel (0.04-0.063 mm, Merck) was used for preparative column chromatography. Chemicals were purchased from commercial suppliers. Procedures used in Method F for salt metathesis were adopted from reported procedures used for imidazolium salts or tetraalkylammonium salts. 38, 39 Melting points were determined on a Boetius heating block or by DSC, if the melting point was below rt. Decomposition points were elucidated by thermogravimetry using a STAR e SW 9.01. Viscosities were determined with a Haake Mars II Rheometer (Thermo Electron Corporation).
Preparation of 1,2,3-triazoles 3. General procedures
Method A. The azide 1 (20 mmol) was dissolved in the appropriate solvent (50 ml) and CuI was added (see Table 1 ). The flask was flushed with argon and the mixture kept under argon until working up (balloon). EtN(i-Pr) 2 (see Table 1 ) and the alkyne 2 (10 mmol) were added one after the other, the latter in portions under stirring. If the alkyne was a solid or sticky liquid, the solvent quantity of 50 ml was shared for dissolving the azide 1 and the alkyne 2. After a short time an exothermal reaction started and the addition of the alkyne was adjusted accordingly.
Cooling by a water bath might be advisable. After complete addition stirring was continued at rt. The mixture was diluted with CHCl 3 (50 ml) and filtered. The filtrate was evaporated and the remainder was purified by column chromatography (Kieselgel 60, MeOH/CHCl 3 1:19). If DMF was used as solvent, the reaction mixture was diluted with CHCl 3 (250 ml), filtered and the filtrate washed with water (3 x 150 ml) and dried with Na 2 SO 4 before volatile compounds were removed under vacuum. Eventually the washing procedure had to be repeated. Method B. To a solution of azide 1 (20 mmol) in MeOH (100 ml) sodium ascorbate (800 mg, 20 mol %), CuSO 4 (480 mg, 15 mol %) and the alkyne 2 (20 mmol) were added. The solution was stirred at rt for 2-3 days (TLC check). After completion of the reaction, water (500 ml) was added and the mixture was extracted with ethyl acetate (3×500 ml). The combined organic layers were washed with brine (500 ml) and then dried over Na 2 SO 4. Evaporation of the solvent in vacuo gave an oily residue that was purified by column chromatography. 
1,4-di(n-butyl)-1H-1,2,3-triazole (3a

1-(n-butyl)-4-(n-decyl)-1H-1,2,3-triazole (3b
1-(3-methoxybenzyl)-4-(4-(1-pyrenyl)-butyrylaminomethyl)-1H-1,2,3-triazole (3j
1-(3-phthalimido-1-propyl)-4-(4-pyrenylbutyrylaminomethyl)-1H-1,2,3-triazole (3l
Preparation of 1,2,3-triazolium salts 5. General procedures Method C.
A solution of the 1, 2, 3-triazole 3 (20 mmol) and the alkylating reagent 4 (see Table  1 ) in dry MeCN (30 ml) was refluxed (see Table 1 ). All volatile compounds were removed under vacuum with a rotary evaporator leaving behind the ionic liquid as oil or sticky oil. Method D. To a solution of triazole 3 (1 mmol) in dry CH 2 Cl 2 (1 ml) MeOTf (0.11 ml, 1 mmol) was added and the mixture was stirred at rt for 1 h. Evaporation of the solvent in vacuo gave an oil which was washed with Et 2 O (2 × 10 ml) and finally kept under vacuum for several hours to afford the pure product. Method E. Triazole 3 (11 mmol) was put into a dry Schlenck flask and trimethyl phosphate (1.55 g, 11 mmol) was added drop wise. 5-dibutyl-1-methyl-3H-1,2,3-triazol-1-ium dimethyl phosphate (5ac) . 1 5-dibutyl-1-methyl-3H-1,2,3-triazol-1-ium dicyanoamide (5ad) . N(CN) 2 ) , 127.7 (CH triazole ), 144.1 (C triazole ). m.p. = -87 °C, dec. temp. = 231 °C, viscosity η = 92 cP. 3,5-dibutyl-1-methyl-3H-1,2,3-triazol-1-ium tetrafluoroborate (5ae) . 1 
1-(4-benzyloxybenzyl)-4-(n-pentyl)-3-methyl-3H-1,2,3-triazol-1-ium iodide (5h
